RO-R180 182 HION VOLTﬂGE HIGH PMI OPERRTION DF Tl‘ PLOSM EIQS]N 1
ING SHITCHCU) JAYCOR VIENNA VA J N ‘l! ET AL,
07 APR 87 NRL-MR-3948 DE-R188-795-DP4989
UNCLASSIFIED F/G 9/1




!

FE

1

o

I

I
I

|

FCErTEERE

EEEE

I
Fre

rre

T
fe

N
O

i Tt

|||||

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREALL O STANDARDS 196 4




NRL Memorandum Report 5948

High Voltage, High Power Operation of the
Plasma Erosion Opening Switch

AR

J. M. NERI, J. R. BOLLER, P. F. OTTINGER,
B. V. WEBER* AND F. C. YOUNG

AD-A180 182

Plasma Physics Division

“Jaycor
Vienna, VA 22180-2270

April 7, 1987

EANERR i RITais o ool aiu

Approved for public release; distribution unlimited.

E 8y 5 4 073

»
5" a-w, e O
,\ ")

NV I (IR P R R L S P SR S D RS M FL Sl S S Y ™ 8 4 4 ™ A T A At A M e e v e N Y P P
0 A IS I N N N N N N AR I I S PPN N I M I SN I N 0 S ST A AP o T3y T A i A T W Sy S e '




SECURITY CLASSIFICATION OF THIS PAGE AW/

REPORT DOCUMENTATION PAGE

ta. REPORT SECURITY CLASSIFICATION b RESTRICTIVE MARKINGS
UNCLASSIFIED
2a. SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION/AVAILABILITY OF REPORT

Zb DECLASSIFICATION / DOWNGRADING SCHEDULE Approved for public release; distribution unlimited.

4 PERFORMING ORGANIZATION REPORT NUMBER(S) 5 MONITORING ORGANIZATION REPORT NUMBER(S)
NRL Memorandum Report 5948

6a NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL | 7a NAME OF MONITORING ORGANIZATION
(If applicable)
Naval Research Laboratory 4770 Department of Energy
6¢c. ADDRESS (City, State, and ZIP Code) 7b  ADDRESS (City, State, and ZIP Code)
Washington, D.C. 20375-5000 Washington, D.C. 20545
8a. NAME OF FUNDING / SPONSORING 8b OFFICE SYMBOL [ 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applicable) JO #47-0879-0-6
DOE
8c. ADDRESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS
) PROGRAM PROJECT TASK WORK UNIT
Washington, D.C. 20545 ELEMENT NO NO NO DP40092 JACCESSION NO

DE-A108-79 | DN680-382

11 TITLE (include Security Classification)
High Voltage. High Power Operation of the Plasma Erosion Opening Switch

AUTHOR
12 PERSONAL AUTHORB) yori, J.M., Boller, J.R., Ottinger, P.F., Weber,* B.V., and Young, F.C.

13a TYPE OF REPORT 13b TIME COVERED 14 DATE OF REPORT (Year, Month, Day) |15 PAGE COUNT
Interim FROM 10 1987 April 7 10

16 SUPPLEMENTARY NOTATION
*JAYCOR. Vienna. VA 22180-2270

17 COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necessery and identify by block number)
FIELD GROUP SUB-GROUP _»Vacuum opening switch; Pulse compression
Volt . multiplication Power muitiplication

19 ABSTRACT (Continue on reverse if necessary and identify by block number)

\

\

A Plasma Erosion Opening Switch (PEOS) is used as the opening switch for a vacuum inductive storage
system driven by a | 8-MV, 1.6-TW pulsed power generator. A 135-nH vacuum inductor is current charged to
~750 kA in 50 ns through the closed PEOS which then opens in < 10 ns into an inverse ion diode load.
Electrical diagnostics and nuclear activations from ions accelerated in the diode vield a peak load voltage (4.25
MV) and peak load power (2.8 TW) that are 2.4 and 1.8 times greater than ideal matched load valiues for the
same generator pulse. .. C /

U
[ S

20 DISTRIBUTION  AVAILABILITY OF ABSTRA(T 21 ABSTRACT SECURITY CLASSIFICATION
@ uncLAsSIFIEDUNLIMITED [ SAME AS RPT ] oTic USERS UNCLASSIFIED
728 NAME Of RESPONSIBLE INDIV DI AL 22b TELEPHONE (Include Area Code) | 22¢ OFFICE SYMBOL
J. M. Neri 202-767-2610 4470
DO FORM 1473, 3a mar 83 APR ed.tion may be used until exhausted SECURITY CLASSIFICATION OF THIS PAGE

All other editions are obsolete
MULE Governmamt Primting Offies: 1985 -807.047

1

SASLY AN S NS (R O A S S A A,




~-

Yol e

j High Voltage, High Power Operation ' -

{ of the Plasma Erosion Opening Switch "»-4;’

' Al
: 4 . |
{ T e e
;; . A Plasma Erosion Opening Switch (PEOS) can be coupled with a vacuum inductor

" to modify the output pulse of a pulsed power generator1'6. During the closed phase

’ﬂ of the switch, energy from the generator accumulates in the vacuum inductor. When

‘i the switch opens, this inductively stored energy and the balance of the generator

A pulse can be delivered to a load. For prepulse suppressionl, the switch opens at

ii low current, and little energy is stored inqucfively. For risetime sharpeninga, a

:; moderate current is carried by the switch until it opens, leading to a faster

!g risetime of current into a normal load. The most demanding application of the

? PEOSZ’S’6 is when a substantial portion of the generator pulse energy is stored in

?: the inductor, then the switch is opened into a load impedance which is significantly

b larger than the characteristic impedance of the generator. This mode of operation

2 can deliver a pulse with voltage and pover higher than ideal matched load values,

R, and a current near the matched load value. However, the pulse must be of shorter

:.:: duration than the normal generator pulse for energy conservation.

.; In this letter, we report on experiments that demonstrate high voltage and

p. high powver operation on the Gamble II generator at the Naval Research Laboratory

%v (NRL). The PEOS conducts until =750 kA is stored in 135 nH of vacuum inductance,

‘ vhereupon 700 kA is transferred to a ~6-2 inverse pinch ion diode load7. Electrical

é? and nuclear diagnostics yield a peak load voltage > 4.25 MV and resulting peak load

g pover > 2.8 TW. These values are 2.4 and 1.8 times larger than the ideal matched

;‘ load case. :
b |
E‘ ' Manuscript approved December 12, 1986, |
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é A theoretical model8 for the operation of the PEOS has been developed.
v Briefly, the current the PEOS can carry before opening is determined by the flux

density of injected plasma at the cathode, and the area of the cathode exposed to
) the plasma. The plasma can carry the generator current without voltage appearing on
the load until the ion current required to satisfy the bipolar Child-Langmuir law9
at the cathode sheath can no longer be supplied by the plasma. A sheath then begins
\ to open at the cathode by erosion, at a rate determined by the one-dimensional
Child-Langmuir law, until the sheath is large enough for electrons from the cathode
to undergo magnetic bending. This inhibits the electron current, and greatly
enhances the ion current, which then rapidly opens the sheath until the electrons
are magnetically insulated. Substantial voltage is developed across the switch in
this enhanced opening phase, and current begins to flow to the load, assisting in
& the magnetic insulation of -the cathode electrons. This model has been coupled to a

transmission line code10

to allov comparisons of the model with experimental data.
W« Experiments were performed on the NRL Gamble II generator to achieve high
voltage and high power operation of the vacuum inductor/PEOS system. For the

operating conditions used in these experiments, Gamble II would deliver a 60-ns,

.- a"n A‘l )‘J

1.8-MV, 1.6-TV pulse to an ideal 2-Q matched load. The experimental setup is shown

in Fig. 1. A coaxial vacuum inductor was added to the generator, giving a total

inductance of 135 nH from the generator voltage monitor to the PE0S. In the switch

f region, the radius of the cathode (inner conductor) was 2.5 cm, and the radius of
the anode (outer conductor) was 5 cm. The PEOS plasma was provided by three

. flashboard plasma sourcesll, located 10 cm from the cathode, each driven by a

! 0.6-yF, 25-kV capacitor. The plasma filled an annular region about 10-cm long. The

inverse pinch ion diode was located 5 cm downstream (load side) of the switch, with

a 5-cm cathode tip radius. The diode was operated as an ion diode by using a

0.32-cm thick acrylic anode to provide a plasma from which to accelerate ions.

X C X

These ions were readily accessible to diagnostics. Current into the vacuum inductor
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(upstream current, IG) was measured by a current shunt in the generator and by a
magnetic probe in the vacuum inductor. Current to the load (downstream current, IL)
vas measured by a Rogowski coil located in the outer conductor between the switch
region and the load. Voltage was measured by a voltage divider in the generator,
and an inductive voltage correction was made to obtain the voltage at the switch or

at the load.
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Fig. | — Experimental arrangement of the PEOS system and inverse diode on Gamble i1
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An additional voltage measurement was performed using nuclear activation

induced by ions accelerated in the diodelz. The acrylic anode was coated with
deuterated polyethylene (CDZ) to produce a source of deuterons which are accelerated
by the diode potential. At the cathode, a portion of the accelerated beam was
transmitted through a 0.64 cm diameter hole and propagated 6 cm onto a stacked foil
nuclear activation diagnostic. The foil stack consisted of a 25.4-um aluminum foil,
followed by eight, 12.7-pm polyethylene (CH2) foils. The aluminum removed low
energy ions and radioactivity produced by deuterons elsewhere in the diode.
Energetic deuterons (> 1.6 MeV) penetrate through the aluminum foil and induce

13N undergoes

activity in the polyethylene foils by the 12C(d,n)13N reaction. The
positron decay vith a 10-min. half-life. The initial activity of each CH2 foil was
determined after a shot using Nal y-ray spectroscopy of the annihilation radiation
associated with the positron decay. Deuterons with higher energy penetrate farther
into the foil stack and induce activity in deeper foils. The yield of the nuclear
reaction increases rapidly as the deuteron energy increases. For a given deuteron
energy the activity in the stack decreases rapidly near the end of the deuteron
range. In particular, the peak energy of the deuterons can be determined from the
deepest foil activated, and from the relative activity of the deepest activated
foils.

In the experiment, the plasma source was fired 1-2 us before the Gamble II
pulse was delivered to the vacuum inductor, to allow blasma to fill the switch
region. A short delay time between firing the plasma sources and firing Gamble II

lead to low switch current, while a long delay time lead to\larger svitch currents.

For sufficiently long delay times, the full current (-~900 kA)‘was conducted without

opening. The delay was adjusted to give a switch current of 700-800 kA before
opening. For this delay, the load impedance was varied to achieve large voltage and
pover gains. The results of a particular shot are given in Fig. 2, where the diode

gap wvas 13 mm. Figure 2(a) shows the upstream and downstream currents. The peak

switch current (difference of upstream and Jownstream currents) was 720 kA.
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Tigure 2(b) shows the inductively corrected voltage at the switch, compared with the
calculated matched load voltage (into a 2-Q ideal resistor) that would have been
delivered on this shot. The larger, narrover voltage pulse is characteristic of
voltage pulses obtained from a PEOS system. The inductively corrected voltage gives
the voltage waveshape, but the accuracy is limited by electrical noise. The nuclear

diagnostic was used to determine the peak voltage.
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Fig. 2 — (a) Upstream (solid) and load (dashed) currents for shot 3190. (b)
Inductively corrected switch voltage (solid) and matched load (dashed) voltage

for shot 3190. Also shown is the peak voltage from the nuciear diagnostic. (¢)
Load (solid) and matched loa¢ (dashed) powers for shot 3190.

Figure 3 shows ratios of measured activations for CH2 foils 8 and 7, and the
ratios for combined CH2 foils (7 & 8) to foils (5 & 6), as compared with calculated
ratios based on monoenergetic deuterons. Deuteron energies on the lower scale are
for ions arriving at the front of the polyethylene foil stack, while the upper scale
is for ions at the front of the aluminum and polyethylene stack. The ratio,
foil 8/foil 7, corresponds to a monoenergetic deuteron energy of 4.25:0.05 MeV, and

the ratio, foil (7+8)/foil (5+6), corresponds to a monoenergetic deuteron energy of
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Fig. 3 — Comparison of ratios of measured "N

activation (shaded regions) with calculated ratios for
monoenergetic deuterons. The dashed line is the
calculated ratio for foils 7 and 8, while the solid line is
calculated for foils (7+8) and (5+6). The lower
horizontal axis gives the deuteron energy at the front of
the poiyethylene foils, while the upper horizontal axis
gives the deuteron energy at the front of the aluminum
foil.

4.1340.05 MeV. The energy for the second measurement is somevhat lower because the
thicker foils sample more low energy deuterons. Results of this nuclear diagnostic
indicate a voltage gain of 2.4 over matched load [Fig. 2(b)]. The nuclear result
could be lower than the actual voltage due to 1) the averaging of ion yield over the
12.7-um thick CH2 foils; and 2) the assumption of monoenergetic ions used in the
analysis of the nuclear data. Using the corrected voltage, Fig. 2(c) shows the load
power compared with the calculated power to an ideal matched load, giving a power

gain of 1.8 over matched load.
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Comparison of this shot with the opening switch model, using the physical
dimensions of the switch, is consistent with initial plasma densities of

13

=1-5x10 cm'3, and drift velocities, v=2-10 cm/us, at a constant product of ngv.

M
These parameters are within the range of measured values for the plasma produced by
the flashboard plasma sourcesll. The theoretical model is somewhat insensitive to
the plasma parameters in this particular geometry, because the electrons are
strongly insulated by the large magnetic field at the small cathode radius

(60 kG at 750 kA).

The inductive storage/PEOS system on Gamble II has demonstrated substantial
voltage and power gain over the matched load values that the generator would
normally deliver. A load voltage of at least 2.4 times the matched load voltage was
measured, leading-to a power gain of 1.8 over the matched load value. Similar

13 would lead to peak diode voltage in excess of

voltage and power gain on PBFA II
30 MV and peak power in excess of 150 TW, sufficient for investigating inertial
confinement fusion physics.
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John Negri and Walt Snider for their dedicated technical assistance. Encouragement

for this work by G. Cooperstein is appreciated. This work was supported by U.S.
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